ABSTRACT. Thirty-three cases of enzootic bovine leukosis (EBL) and 14 cases of sporadic bovine leukosis (SBL) were examined by immunohistochemistry using 6 monoclonal antibodies against leukocyte differentiation molecules of bovine leukocytes. There were 17 cases of B-1a cell type, 10 cases of B-1b cell type and 6 cases of B-2 cell type in EBL, and 5 cases originating from B cells (B-2 cell type) and 9 cases originating from immature T cells in SBL. The average age for the EBL cases of B-1a cell type was 8.6 years, B-1b cell type was 6.5 years, and of B-2 cell type was 4.5 years. In cases of SBL, immature T cell type patients were younger than B-2 ce ll type ones. The lymphoma originating from B cells differed from that originating from T cells in morphology. In T cell tumors, the nucleus of tumor cells was round, the edge of the cytoplasm obvious, and tumor cells were sporadically present and proliferated. When compared with T cells, the region among B cells was obscure. But, there was no relation between phenotype and the histologic classification of tumor cells. In EBL, beyond the lymph node, tumors of B-1a and B-1b types had developed in the heart and abomasum, and those of the B-2 type tended to occur in liver. In SBL, B-2 type and T type cells formed tumors in the liver, kidney, thymus, and one case of T-cell type tumor formed on the skin. We would like to propose a new classification of bovine leukosis as EBL, calf type B-cell lymphoma, juvenile T-cell lymphoma and skin type T-cell lymphoma.
Bovine leukosis (BL) has been divided into enzootic bovine leukosis (EBL) and sporadic bovine leukosis (SBL) according to the pathogenesis and clinicopathology. SBL has been subdivided into calf-, skin-, and thymic-types based on the age and the site of tumor development [3, 9, 26] . Calf-type leukosis develops within 2 years old (usually 6-months old calf) and is a systemic lymphoma. Thymictype leukosis develops from 6 months to 2 years old and is characterized by involvement of thymus. But, some cases of the calf-type and thymic-type share the age of cases and site of tumors, and are called by intermediate type [26] . Therefore, the classification of BL is very inconsistent.
EBL is caused by bovine leukosis virus (BLV) and the tumor cells are originated from B cells showing monoclonal proliferation [19] .
It is considered that SBL is not caused by BLV [25] although the exact pathogenesis has not been proposed yet. But the gene c-myb is found in tumor cells of SBL [1] . SBL consists of tumor cells bearing the character of either T or B cell which exhibits monoclonal proliferation [2, 15, 31] .
With development of immunohistochemistry, the surface antigen of normal and tumor cells can now be determined and used to identify the phenotype of the cells.
The CD5 that is typed in humans and mouse mature T cell membrane and CD11b marker that is seen in monocytes and granular cells as an adhesion molecule have been found at the surface of partial B lymphocytes [4, 12] . They have been also found in various B cell tumors of mice and B cell chronic lymphocyte leukemia in humans [7, 11, 14] . The same cells have also been observed in normal B lymphocytes and tumor-like B cells infected with BLV [8, 13, 20, 23] .
According to recent study, normal mature B cells in humans and mice can be divided into three types based on surface antigen, origin, distribution in body and functions [16-18, 21, 28, 29] . The first type presents CD5 + and CD11b + and is called as B-1a cell. B-1a cells have a long life and are self-productive to maintain their number in the body [17, 18] . The second type present CD5 -and CD11b + and is called as B-1b cell [18, 28] . B-1b cells are like B-1a cells in size and self-productive or productive in bone marrow to keep their numbers in the body. B-1a and B-1b cells belong to the B-1 cell family. They are mainly distributed in the abdominal cavity in mice and peripheral blood in humans. In addition, B-1a and B-1b cells are associated with polyreactive self-antibody, B cell leukemia and autoimmunotic disease [21, 28, 29] . The third type presents CD5 -and CD11b -and is called as B-2 cell (conventional B cell) [17, 18] . They exist in peripheral blood and are productive in bone marrow. B-2 cells can produce special antibody, but their life span is shorter than that of B-1 cells.
B-1 cells in bovine, is like in humans, are present in the peripheral blood [23] . Provirus has been detected in CD5 + and CD5 -B cells of peripheral blood when bovine and sheep were infected with BLV [28] . The phenotype of tumor cells in EBL can be divided also into three types B-1a, B-1b or B-2 [33] .
It is considered the early diagnosis and therapy of BL will be possible, if the origin and function of normal 3 types of B cells in bovine is cleared and classification of the phenotype can be available in clinic.
Therefore in this paper, we report the phenotype of tumor cells in EBL and SBL, discuss the relation among phenotype, cellular morphology and the distribution of tumor tissues, and try to give BL a new classification.
MATERIALS AND METHODS
Experimental animal: Thirty-three cases with EBL and fourteen cases with SBL diagnosed by clinicopathological findings at necropsy were used in this experiment. These cases were collected from May 1985 to January 1997 at the Department of Veterinary Pathology, Faculty of Agriculture, Iwate University. The cases with SBL included 5 calf types (SBL Nos. 1-3, 8, 9), 4 intermediate types (SBL Nos. 4-7), 4 thymic types (SBL Nos. 10-13) and 1 skin type (SBL Nos. 14) [26] .
Hematologic examination: Blood from the jugular vein was used for hematologic examination in all cases. The red and white blood cells were enumerated using automatic blood cell counter (Sysmic cc-110, Tokyo, Japan). The percentage of white cells was counted on blood smears stained with May-Giemsa. The serum antibodies to glycoprotein 51 (gp51) and internal protein (p24) of BLV were determined using an agar gel immunodiffusion test. Positive serum for gp51 and p24 of EBL was used as the control.
Monoclonal antibody: The monoclonal antibodies (MoAbs) against bovine differentiation antigen of lymphocytes used in immunohistochemical staining were as foll o w s : a n t i -B o C D 3 ( M M 1 A ) [ 5 ] , a n t i-B o C D 5 (CACT105A) [6] , anti-IgM (PIG45A) [6] , anti-major histocompatibility complex (MHC) class II (TH14B) [6] , antiIgG 1 (BIG 715A) (VMRC, Pullman, WA), and antiBoCD11b (IL-A130) [Third Workshop on Ruminant Leukocyte Antigen, 1995] .
Gross and histological examination: All animals were euthanized by bleeding and necropsied. After gross observation, tissues from all organs were fixed in 10% neutral formalin and embedded in paraffin. Paraffin sections were stained with hematoxylin and eosin (HE). Blocks of the tissues were also frozen rapidly by immersion in liquid nitrogen and sto re d at -8 0°C fo r imm uno histological examination.
Immunohistochemical examination: Frozen sections were processed by the avidin biotin peroxidase complex (ABC) method, using a Vectastain ABC kit (Vector Laboratories, Burlingame, CA).
RESULTS

1.
The results of blood examination are shown in Table  1 . According to the criteria of Bendixen [3] , EBL Nos. 9, 16, and 28 were diagnosed as leukemic leukosis. EBL Nos. 33 and SBL Nos. 2, 4, 6 and 7 were diagnosed as aleukemic leukosis. All the EBL cases were positive for BLV antigens by agar gel immunodiffusion test. But BLV antibody was not detected in all SBL cases.
Findings of immunohistochemistry
The immunohistochemical findings of tumor cells are shown in Table 2 . Proliferative tumor cells were clearly visible in the sections stained with HE, and lymphocytic infiltration was observed in partly affected tissue.
MHC class II was observed in almost all tumor cells of EBL patients. CD5 and CD11b-positive cells were found among the tumor cells of EBL Nos. 1-17. CD11b was seen, but CD5 was not detected in EBL Nos. 18-27. CD5 and CD11b were not found in EBL Nos. In 5 cases of SBL (Nos. 1-5), positive reaction was demonstrated for MHC class II and IgM but not for CD3, CD5 and CD11b. These tumor cells were considered to originate from B cells. Their phenotypes belong to the B-2 cell type. Nos. 6-14 of SBL were positive for CD3 or CD5, indicating their origin to immature T (iT) cells.
3. Relationship between phenotype of tumor cells and age In EBL cases, the average age of B-1a cell type was 8.6 years old, B-1b cell type was 6.5 years old, and B-2 cell type was 4.5 years old. In SBL cases, the animals with B-2 cell type were younger than those with iT cell type; No. 14 of SBL was particularly old.
Relationship between phenotype of tumor cells and gross findings
The distribution of tumor tissues classificated according to phenotype is summarized in Table 3 . B-1a cells in EBL mainly infiltrated to the heart, abomasum, parotid lymph nodes, mediastial lymph nodes and iliac-medial lymph nodes. B-1b cells mainly infilitrated to the abomasum, heart and superfical cervical lymph nodes. B-2 cells mostly infiltrated to the liver, superfical cervical lymph nodes and iliacmedial lymph nodes.
In cases of SBL, tumors of B-2 cell type developed in the liver, kidneys, thymus, superfical cervical lymph nodes, axillary lymph nodes, mandibullar lymph nodes, parotid lymph nodes, subiliac lymph nodes, popliteal lymph nodes, mediastinal lymph nodes and ilio-medial lymph nodes. Whereas, tumors of iT cell type infiltrated to the liver, kidneys, thymus, and lymph nodes. The rate of their development in the heart was lower than B-2 type, and in one case the tumor cells infiltrated to the skin.
Relationship between phenotype of tumor cells and histologic findings
According to the morphology and size of tumor cell nuclei, tumor cells were divided into 4 types, lymphocyte, prolymphocytic well differentiated, prolymphocytic poorly differentiated, and histiocytic. The results of classification are shown in Table 4 . The lymphocytic type has a smaller nucleus (Fig. 1) . Tumor cells were consistent in cell size and proliferated diffusely. Prolymphocytic well differentiated type cells had small to medium-sized nuclei (Fig. 2) . Their cell size was variable. The prolymphocytic poorly differentiated type cells had large nuclei and more variedly in cell size as compared with the prolymphocytic well differentiated type cells (Fig. 3) . Histiocytic type cells had large nuclei looking like histiocytic cells and proliferated diffusely (Fig. 4) .
In B-1a and B-1b cell types of EBL, lymphocytic type and prolymphocytic well differentiated type were dominant while histiocytic cell type was also observed. In B-2 cell type, tumor cells consisted of both prolymphocytic well differentiated and prolymphocytic poorly differentiated cells appearing as an intermediate type in differentiation.
In SBL, the nuclei of tumor cells of iT cell type were round. There was a light region at periphery of the cytoplasm. The tumor cells showed a sporadic proliferation. The proliferation pattern of B-2 type cells was similar to that of EBL cases. B-2 cells were composed of lymphocytic and prolymphocytic well differentiated cells and rather smaller in size. The tumors of iT cell type were consisted of lymphocytic (Fig. 5) , prolymphocytic well differentiated (Fig.  6) , and prolymphocytic poorly differentiated cells (Fig. 7) which were consistent in cell size and proliferates uniformly. +  ----SBL 7  -+  +  ---SBL 8  -+  ----SBL 9  -+  +  ---SBL 10  --+  ---SBL 11  --+  ---SBL 12  -+  ----SBL 13  -+  ----SBL 
DISCUSSION
Normal B cells in humans and mice were divided into three types according to the surface antigen, origin, distribution in the body and function [16-18, 21, 27, 29] . Three types of B cells were present in bovine [23] , but their origin and functions were not known. Tumor cells from EBL were characterized as three types according to phenotype, so in this experiment, 6 MoAbs were used to stain the tumor cells of EBL and SBL. There were 17 cases of B-1a cell type, 10 cases of B-1b cell type and 6 cases of B-2 cell type in EBL, and 5 cases originating from B cells (B-2 cell type) and 9 cases originating from T cells (iT cell type) in SBL. Wu et al. [33] have reported that B-1 cells have a long life and are produced by self-renewal. BLV can infect bovine over a long time, so B-1 type cases were more common in EBL. This paper indicated that there were 27 cases of B-1 cell type, 6 cases of B-2 cell type, and more cases originating from B-1 cells in this study. This result was the same as that reported by Wu et al. [33] .
Concerning the phenotype of B cell tumors, IgM levels in normal B-1 cells were high in mice, humans and bovine [12, 27] . IgM levels were also high in B cell tumors of mice and proliferative B cell chronic lymphocyte leukemia in humans. No changes of surface antigen were found in these tumor cells [10, 17] . But, this study indicated that the IgM levels of B-1 cells was lower and IgM level of B-2 cells high. This result was not same as those reported previously. It was considered that surface antigen of tumor cells had changed in EBL and SBL.
B-2 cell type (4.5 years old) patients were younger than B-1a cell type (8.6 years) and B-1b cell type (6.5 years) patients in EBL. In SBL, B-2 cell type was also the first to appear. The age of cases in B-2 cell type younger than B-1 cell type, it may be relative to the differentiation of each phenotype in origin, same as the number of cases.
Regarding the distribution of tumor tissue, the tumor cells of EBL infiltrated into tissues in all parts of the body, especially in organs. The B-1 cell type was more infiltrative than the B-2 cell type. In SBL, the rate of lymph node neoplastic change was high. Though in one case the tumor cells infiltrated skin, the chief tumor changes were found in lymph nodes. In SBL, the main organs infiltrated by tumor cells were the liver and kidneys which were not infiltrated in EBL, and B-2 cell type also infiltrated the liver, indicating that B-2 cells have some similarity in site of tumor develop- ment. Namely, it was considered that tumors of each B cell type might differ according to the origin and distribution in the body. The morphology of lymphoma of B cells was different from that of T cells. T cell tumors had tumor cells with round nuclei and distinct edge of the cytoplasm obvious. Tumor cells were sporadically proliferated. In B cells tumor, the distinct edge of the cytoplasm was obscure. But, there was no relation between phenotype and histologic classification of tumor cells.
In this study, sporadic infiltration of T cell was recognized in all tumor tissues. This was not only the reaction for tumor cells but also related to the proliferation of tumor cells. Certain cytokines can start reactivation of B cell and class switch of immunogloblin [32] . IL-2 is a productive cytokine that can prompt the proliferation and differentiation of B cell [24] . IL-2 receptor was found in human B cells and tumor cells of BLV. It is considered that this is a factor to prompt proliferation of tumor cells [21, 22, 24, 30] . Therefore, if the surface antigens and the proliferative factor of tumor cells are characterized and the phenotype of tumors is explained, the prognosis and therapy for BL will be improved.
In the present study, it is considered that BL can be classified based on phenotype, because the age of cases and site of tumor and phenotype differed. EBL is associated with 3 types of B cell lymphoma of BLV. SBL is associated with B cell and T cell lymphoma of non-BLV. Finally, according to the age of cases and site of tumors in SBL, tumors were divided into calf type B-cell lymphoma, juvenile T-cell lymphoma and skin type T-cell lymphoma. 
